T he use of angiotensin converting enzyme (ACE) inhibitors during pregnancy is strongly cautioned against. 1 In vitro studies show that ACE inhibitors cross the human placenta. 2 An intact renin-angiotensin system is a prerequisite for the normal development of the kidney, 3 and it is recommended that ACE inhibitors should be stopped as soon as pregnancy is confirmed. 4 Several reports describe the adverse effects of intrauterine ACE inhibitors on newborn infants. [5] [6] [7] Clinical features of intrauterine exposure include oligohydramnios, pulmonary hypoplasia, neonatal renal failure, bony deformities, and an increased incidence of perinatal mortality. The postulated mechanism of insult in late pregnancy is related to fetal hypotension and a prolonged decrease in glomerular filtration secondary to the inhibition of ACE.
Although most reports on the untoward effects of ACE inhibitors during pregnancy are on the earlier ACE inhibitors, two similar reports also exist on lisinopril. 8 9 Lisinopril is a lysine analogue of enalapril, a commonly recognized ACE inhibitor. This analogue has been shown to lack protein binding and remains unmetabolised after oral ingestion. 10 11 Elimination occurs exclusively by renal filtration of the unmetabolised drug. 12 As recently as 1993, peritoneal dialysis was shown to be effective in the elimination of plasma lisinopril when instituted as late as day 10 of postnatal age. 9 Peritoneal dialysis has been attempted to remove other ACE inhibitors in the past particularly during the neonatal anuric phase. 13 We report our experience with peritoneal dialysis in the early neonatal period (immediately after referral on day 3 of postnatal age) in an infant with known intrauterine lisinopril exposure. This early treatment has not been previously reported and we believe that this information will be useful in similar cases.
CASE REPORT
A 3 day old infant was admitted to our paediatric intensive care unit because of respiratory distress. The history revealed intrauterine lisinopril exposure. The mother was a 31 year old gravida 4 para 1 with obesity, and had been treated for essential hypertension since the age of 17 years. Lisinopril was used in the mother for 2.5 years before the patient's presentation, during which time she had two stillbirths.
The current pregnancy was initially a twin pregnancy, with the intrauterine death of twin A occurring at 14 weeks gestation. Lisinopril was continued throughout the pregnancy. The dose was increased from 5 to 10 mg at 7 months gestation. Oligohydramnios was first diagnosed by fetal ultrasound in twin B at 29 weeks gestation. Biophysical profile studies were scored 6 out of 8 on two separate occasions since 35 weeks with a score of 0 on both occasions for amniotic fluid level. The child was born by caesarean section because of footling breech presentation at 38 weeks gestation.
Initial Apgar scores were 9 and 9 at one and five minutes. The infant was considered mildly hypotonic but was otherwise normal. There were no concerns until after 72 hours of life, at which time the infant developed respiratory distress and was transferred to our centre for evaluation and treatment.
On examination, there were multiple congenital anomalies considered consistent with oligohydramnios and positional deformities. These included microcephaly, retrognathia, a bell shaped thorax, and fixed flexion deformities of the limbs and short fingers. The patient was hypotensive and tachycardic with an initial blood pressure of 45/20 and heart rate of 180 beats/min. Before admission, there was a history of anuria for at least 24 hours after birth.
The patient required mechanical ventilation. Peritoneal dialysis was started immediately using a percutaneously placed catheter in addition to ionotropes and antibiotic treatment for suspected sepsis. A 30 ml volume of 1.5% dianeal was cycled continuously every hour, and blood work was monitored for response. Laboratory findings on admission showed hyponatraemia (sodium 123 mmol/l) and raised creatinine level (265 µmol/l). Serum lisinopril level (10.81 ng/ml) and plasma renin activity (> 8.4 ng/l/s) were increased on day 3 of postnatal age before the start of peritoneal dialysis. The serum lisinopril level decreased to 2.45 ng/ml after 72 hours of dialysis (fig 1) . Clearance of lisinopril by peritoneal dialysis was 0.061 ml/min over the first four hours of treatment and decreased to 0.058 ml/min after 24 hours. Urinary output increased from 0.5 to 4.9 ml/kg/hour, and the urinary lisinopril clearance was 1.30 ml/min after 24 hours of treatment. On day 3 of treatment the urinary output increased further to 6 ml/kg/h, and the urinary lisinopril clearance rose to 3.6 ml/min (fig 2) . Dialysis was continued for a total of 72 hours.
The increased urinary output was parallelled by a fall in serum creatinine to 83 µmol/l. Serum sodium improved to 148 mmol/l. The patient remained on ionotropes for a total of 72 hours and was extubated after 4 days of ventilatory support. Infant pulmonary function testing performed while the infant was ventilated provided evidence of mild pulmonary hypoplasia with a dynamic compliance of 0.54 ml/cm H 2 O/kg (moderate reduction), a static compliance of 0.82 ml/cm H 2 O/kg (mild reduction), and an airway resistance of 79.3 cm H 2 O/ml/s (normal).
An initial echocardiogram showed findings consistent with global myocardial insult. A renal ultrasound performed on day 5 of postnatal age showed normal sized kidneys with poor differentiation and diffuse hyperechoic areas. After dialysis the infant developed serious hypertension and was discharged on clonidine.
At 1 year of chronological age, the patient showed normal cardiac function on echocardiography. Renal ultrasound continued to show poor abnormal echogenicity with poor corticomedullary differentiation despite acceptable renal growth. The standardised glomerular filtration rate measured by technetium-99m N α -diethylenetriaminepenta-acetic acid (DTPA) renal scan amounted to 77 ml/min/1.73 m 2 , which compares with a normal reference range of 90-125 ml/min/ 1.73 m 2 . Persistent hypertension continued to be a problem and was treated with clonidine. After 1 year of age the patient was converted to fosinopril to maintain a normal blood pressure. The patient was walking by 12 months and did not show any appreciable developmental delay. The patient received intense physiotherapy which resulted in normal joint motility.
DISCUSSION
Numerous case series and various case reports have already documented the disastrous effects of intrauterine exposure to ACE inhibitors. [3] [4] [5] Dialysis has also been suggested in a few reports as a means of encouraging elimination of the offending agent especially during the anuric phase. 9 13 Rosa et al 13 published a series of seven case reports on patients who were exposed to either enalapril or captopril in utero. Six developed hypotension, and all seven developed neonatal oliguria/anuria secondary to ACE inhibitor exposure. Six of the seven patients in that series received dialysis. Dialysis was instituted on day 2 in one patient, day 3 in three patients, and on day 5 and 19, respectively. Two of the seven infants recovered normal kidney function, and these two had been dialysed on day 2 and 3 respectively. Two infants died (either no dialysis or dialysis instituted on day 19), and the remaining three had residual kidney impairment. 11 Bhatt-Mehta and Deluga 9 published a single case report in which continuous peritoneal dialysis was started in the late neonatal period to eliminate lisinopril. This report showed an initial serum lisinopril level of 7.0 ng/ml on day 12 of postnatal age and a low ACE activity level. After dialysis was started, lisinopril levels fell to 0.7 ng/ml by day 38 postnatal age. 10 This patient never recovered renal function and received a renal transplant at 22 months of age. Our patient had an initial lisinopril concentration of 10.81 ng/ml, and has a glomerular filtration rate at 1 year of age that is almost normal.
Similar to the recommendations on enalapril and captopril in the literature, we instituted early peritoneal dialysis for the treatment of intrauterine lisinopril exposure. Early use of dialysis in patients with intrauterine lisinopril exposure has not been reported previously. Serum lisinopril levels fell from 10.81 ng/ml to 2.45 ng/ml after 72 hours of dialysis. There was also a corresponding resolution of hypotension and improvement in urine output, suggesting a direct contribution to the clinical recovery. Nonetheless, the actual drug clearance by peritoneal dialysis was low, although the serum concentration of lisinopril fell from 10.81 to 4.47 ng/ml. The actual concentrations of lisinopril in the peritoneal dialysis fluid were comparable to those in the case reported by Bhatt-Mehta and Deluga. 9 However, their patient failed to show an appreciable decrease in serum concentration over the first four days of treatment (7.0 ng/ml before dialysis and 6.3 ng/ml on day 4 of treatment), again pointing to poor clearance of the drug through peritoneal dialysis. In our patient the urinary clearance exceeded that by peritoneal dialysis after as little as 24 hours of treatment. It remains unclear whether the improvement in our patient was not in fact predominantly influenced by the recovery from presumed acute tubular necrosis with the normalisation of the blood pressure. However, the prognosis appears to be dependent on the early initiation of dialysis. As the plasma protein binding of lisinopril is negligible, haemodialysis would be the treatment of choice. It appears to be just as important to treat the hypotension to maximise the likelihood of recovery from the presumed acute tubular necrosis. In the event of another case of in utero lisinopril exposure with multiorgan failure, we would recommend acute haemodialysis or continuous venovenous haemodiafiltration to rapidly reduce the serum concentration, provided that experienced personel are available. Continuous venovenous haemodiafiltration would be safer as these patients would have hypotension. In the absence of these modalities, early peritoneal dialysis should be implemented, using higher dwell volumes than usual to maximise clearance of the drug.
